We present initial results of an all-sky search for late-type dwarfs within 20 pc of the Sun using the New Luyten Two-Tenths (NLTT) catalog cross-referenced with the 2-Micron All Sky Survey (2MASS) database. The results were obtained with low-resolution optical spectroscopic follow-up of candidate nearby-stars as a preliminary test of our methodology. M J , derived using spectral indices, and 2MASS J are used to estimate distances. Out of the 70 objects observed, 28 are identified as previously unrecognized objects within 25 pc of the Sun, and up to 19 of these are within 20 pc. One, LP 647-13 is an M9-type dwarf at 10.5 pc making it one of the four closest M9 dwarfs currently known. We also discuss the chromospheric activity of the observed dwarfs.
Introduction
This is the third in a series of papers which present the results of our survey of the low-mass residents of our immediate Solar Neighborhood. Reid & Cruz (2002, hereafter Paper I) discussed how our capabilities for finding low-luminosity main-sequence stars has been enhanced with the availability of the 2-Micron All Sky Survey (2MASS) (Skrutskie 2001) . The method that we focus on in this paper is using 2MASS in conjunction with propermotion catalogs -particularly the New Luyten Two-Tenths (NLTT) catalog (Luyten 1979 ). This strategy is one part of a comprehensive search for previously-unrecognized nearby stars. The goals of the project are two-fold: to identify late-type dwarfs within 20 pc that can be targeted for detailed study as part of the NSF/NStars project and to use this sample to determine the mass function of low-mass objects in the Galactic Disk.
Our first results have come from targeting high proper-motion objects from the NLTT catalog. As discussed in Paper I, we were able to identify a substantial fraction of the propermotion stars in the 2MASS database based on location coincidence. With this sample, we are able to select candidate nearby dwarfs by combining the m r estimates from the NLTT and the near-infrared magnitudes provided by 2MASS and using m r − K s colors to obtain a rough photometric distance.
As detailed in Paper I, our initial sample of nearby-star candidates is drawn from NLTT objects that have a 2MASS counterpart within a 10 ′′ search radius. While 23,795 objects were found, only 1245 have photometric properties consistent with their being late-type dwarfs within 20 pc of the Sun. This sample is dubbed NLTT Sample 1.
NLTT Sample 1 has already yielded many previously unrecognized nearby objects. In Paper I, we combine the 2MASS infrared magnitudes with published optical photometry for 469 dwarfs, identifying 76 additions to the 20 pc sample. Reid, Kilkenny & Cruz (2002, hereafter Paper II) lists 48 new objects within 20 pc, five of which are probably within 10 pc. These were located by obtaining optical photometry of 180 bright southern nearby-star candidates with the facilities at the Sutherland station of the South African Astronomical Observatory. This paper presents the first results from spectroscopic follow-up observations of NLTT stars. The selection of the current sample and its overlap with the finalized NLTT Sample 1 are outlined in §2. Section 3 describes our observations. We present spectral indices, spectral types, absolute magnitudes, and distances for all the observed objects in §4. A discussion of our findings, particularly interesting objects, and chromospheric activity is in §5. We summarize the main results in the final section.
Target Selection
The objects presented in this paper are taken from the initial sample of 23,795 NLTT objects that have a 2MASS counterpart within 10 ′′ of the NLTT position and |b| > 10
• , but were selected before we finalized the criteria for defining the NLTT Sample 1. Indeed, these observations provided some of the basis for those criteria.
The present set of targets were required to have declinations greater than -30
• and right ascensions between 21 h and 5 h . The following color criteria further reduced the sample to 907 objects: (1)
Objects were eliminated if m r > m r (lim).
Primary and secondary target lists were created by invoking stricter color criteria, designed to probe areas of color-space most likely to contain nearby, late-type objects. The primary list includes 52 objects which meet the above critera and have J − K s colors redder than 0.95 and H − K s > 0.35. The J − K s cut eliminated 628 objects while the H − K s eliminated 818. The secondary list includes 119 targets, all with R − K s > 5. Taking into account the significant overlap between the two lists, there is a total of 127 target objects. Twenty-nine already have spectroscopic observations, with most identified as mid to late M-dwarfs (Table 1) . Twenty-eight objects were eliminated because the 2MASS magnitudes were unreliable due to nearby bright stars or their diffraction spikes, unresolved companions, or an NLTT/2MASS mismatch. A mismatch occurs when more than one 2MASS object is within 10 ′′ of the NLTT position and the NLTT object is linked with both the correct and incorrect 2MASS objects (see Paper I, §3.3). In some cases, we were able to correct the mismatches and observe the appropriate object. The resulting target list includes 70 objects -all of which we observed and present here 2 .
Following this initial observing run, we were able to refine our color criteria to more efficiently exclude objects beyond 20 pc. The finalized criteria are described in Paper I and were used to create the NLTT Sample 1 consisting of 1245 targets. These observations include a significant number of targets lying beyond the 20 parsec limit. In Figure 1 , we show all of the observed objects with the finalized (m r , R − K s ) color criteria superimposed (see Paper I, §3.2). Objects in the NLTT Sample 1 are listed in Table 2 , while data for targets which fail to meet our final selection cut are presented in Table 3 .
Observations
We obtained optical spectroscopy of our sample with the Kitt Peak National Observatory 2.1 m telescope using the GoldCam CCD Spectrograph. We employed a 400 line mm −1 grating blazed at 8000Å with a 1.
′′ 3 slit to give a resolution of 5.1Å (2.8 pixels) over the wavelength range 5500-9300Å. We used an OG-550 blocking filter to block higher orders. The observations were taken over four nights from 2000 September 29 through October 2 (UT), all under photometric conditions and with good seeing (between 1 ′′ and 1. ′′ 5).
The spectra were extracted and wavelength and flux calibrated using standard IRAF routines. We used zero-second dark exposures taken at the beginning of each night to remove the bias level from each exposure, via the IRAF routine CCDPROC, which was also used to fix bad pixels. All spectra were extracted using APALL. Wavelength calibration was determined from HeNeAr arcs taken after each exposure. The spectra were flux calibrated using observations of HD 19445 (Oke & Gunn 1983) , and the spectral ratios were measured using IDL scripts.
The CCD used with GoldCam suffers from fringing in the red which has an amplitude of ±3% at 8000Å, rising to ±10% at 8400Å. In an attempt to compensate for this effect, an internal-lamp flat-field exposure was taken after each stellar observation. However, we were unable to use these data to correct the observed fringing in a satisfactory manner. Since the fringing does not affect the spectrum in the regions sampled by the measured bandstrength indices, and since there are no significant flat-field features shortward of 7800Å, we have not applied flat-field corrections to the data.
Results
The change in strength of the major features present in spectra of late-type stars is tied to variation in effective temperature. Thus, we use measurements of the strengths of those features to estimate spectral type and absolute magnitude. Band strengths can be quantified by measuring spectral ratios or indices. Table 4 defines the spectral indices used in our study. These are taken from Reid, Hawley, & Gizis (1995a, hereafter PMSU1) , Kirkpatrick et al. (1999) , and Martín et al. (1999) , and are designed to measure the strengths of the most prominent features of M and early L-type dwarfs. The indices are calculated by taking the ratio between the summed flux in a region that contains an atomic or molecular feature and the summed flux in a nearby region that approximates the local pseudo-continuum. Table 5 lists the measurements for all of the observed objects.
Metallicity
In late-type dwarfs the relative strength of CaH and TiO absorption provides a metallicity indicator, with TiO absorption decreasing more rapidly than CaH with decreasing metal abundance (Mould 1976) . Gizis (1997) Figure 2 plots the CaH 1-TiO 5 and CaH 2-TiO 5 diagrams for our sample, where data for the reference stars are taken from PMSU1 (the disk main sequence) and Gizis (1997, sdM and esdM sequences) . All of our targets, except LP 410-38 (2M0230) and LP 702-1 (2M2310), have spectral indices consistent with their being near solar-abundance disk dwarfs. These two objects are further discussed in §5.2. While the location of LP 824-383 (2M0012) in the CaH 2-TiO 5 plane is consistent with that of an intermediate subdwarf, the spectrum has a low signal-to-noise ratio and the CaH 1 and CaH 2 measurements are not reliable.
Spectral Types
We have defined the spectral type calibration using data for nearby stars and brown dwarfs with published spectral types ; PMSU1). We have supplemented our own observations with Keck Low-Resolution Infrared Spectrometer (Oke et al. 1995 , LRIS) spectra of late-M and L dwarfs obtained by INR and collaborators as part of the 2MASS Rare Object Project 3 . Spectral ratios for the standards were measured using the same scripts used for the KPNO data presented here. The indices that best correlate with spectral type are TiO 5 and VO-a. Both indices are double-valued, with TiO 5 reversing in strength at M7 and VO-a at M9. For the early TiO 5 sequence, we adopt the relation found by PMSU1. The data and the calibration curves are plotted in Figure 3 . 0.36 ≤ CaH 2 ≤ 0.42, 0.36 ≤ CaOH ≤ 0.43) are enclosed by dashed boxes in Figure 4 . The calibration objects that lie in these regions are mostly M3.5-, M4-, and M4.5-type dwarfs. The measured spectral ratios give an unambiguous estimate of M J for most of the NLTT dwarfs. However, in a few cases, one or all of the predictions for M J are multi-valued (there are no cases where two of the three indices give ambiguous predictions). In cases where only one index yields two values for M J , we adopt the value that is the closest to the predictions from the other two spectral ratios. The value is included in the weighted average of M J if it lies within 3σ of either of the other two values. In the case of all three indices yielding two values for M J , we quote all six values and compute two weighted averages using the sets of predictions that are closest to each other. We therefore give two estimates of M J and thus, two estimates for the distance for a small number of stars in Tables 2 and 3 (e.g., G 75-35 (2M0241) in Table 2 ). Reliable distances for these objects can only be derived by obtaining trigonometric parallaxes.
The uncertainty in M J was calculated by adding in quadrature two contributions to the uncertainty: the RMS of the weighted average based on the RMS of the individual calibration fits stated above and the standard deviation of the values of M J given by the different spectral ratios. Using this scheme and the 2MASS apparent J magnitude, we estimate M J and the distance to all of our (disk dwarf) targets (Tables 2 and 3 ).
Discussion

Additions to the Nearby-Star Sample
Our spectroscopic observations confirm that combining optical and near-infrared photometry is an effective means of identifying new stellar neighbors, even when the optical photometry is as unreliable as the magnitudes listed in the NLTT catalog. In particular, of the 35 stars listed in Table 2 , selected on the basis of our finalized color-magnitude criteria, up to 19 (54%) are likely to lie within 20 pc of the Sun, while up to 27 (77%) probably lie within the 25 pc sample. Several stars require particular comment.
LP 647-13
At spectral type M9, LP 647-13 (2M0109) is the latest of the NLTT dwarfs in the present sample, falling beyond the range of validity of the absolute magnitude calibrations plotted in Figure 4 . Figure 5 compares our spectrum of this object with Keck LRIS data for the M9 standard LHS 2065 and the M9.5 standard BRI 0021-0214. There are obvious strong similarities between LP 647-13 and LHS 2065. Kirkpatrick, Henry, & Simons (1995) list absolute magnitudes for these two standard stars and for two other M9 dwarfs in the immediate Solar Neighborhood: M K = 10.33 for LHS 2065; M K = 10.22 for BRI 0021; M K = 10.46 for LHS 2924; and M K = 10.24 for TVLM 868-110638. A straight average gives M K = 10.31 ± 0.11 magnitudes. Applying that value gives a distance of only 10.5 pc to LP 647-13, making it one of the four closest M9 dwarfs currently known, along with LHS 2065 at 8.5 pc, LHS 2924 at 10.5 pc, and DENIS-P J104814.7−395606.1 at ∼5 pc (Delfosse et al. 2001) .
LP 763-38
This dwarf (2M2337) has spectral indices which place it at the extreme limit of validity of our calibration. Figure 6 plots our spectral data and compares those with the M7 standard, VB 8 (Gl 644C). Given the strong similarities, we classify LP 763-38 as spectral type M7, and estimate the distance using VB 8 (M K =9.76) as a template. Matching that value against the observed K magnitude of 11.206 for LP 763-38 gives a distance modulus of 1.47 magnitudes, or a distance estimate of 20.0 ± 3.0 pc.
Possible Subdwarfs: LP 410-38 & LP 702-1
As discussed above, our band-strength meaurements suggest that these two stars (2M0230 and 2M2310, in Table 3 ) are intermediate-abundance subdwarfs. Figure 7 compares our spectra against data for LP 890-2 (2M0413, Table 2 ), an M6 dwarf in our NLTT sample, and LHS 377, one of the coolest-known intermediate subdwarf (sdM7, Gizis (1997) ). LP 702-1 is clearly similar to LP 890-2, suggesting that the subdwarf-like spectral indices may reflect the relatively low signal-to-noise ratio of our spectrum. LP 410-38, on the other hand, has spectral characteristics which are closer to LHS 377, notably the enhanced CaH absorption at 6400 and 7000Å. We therefore classify LP 702-1 as an M6, near-solar abundance disk dwarf, but identify LP 410-38 as an intermediate subdwarf, spectral type sdM6. We adopt M J = 10.15 ± 0.16 for LP 702-1. This was computed by averaging the values of M J for all of the M6-type dwarfs in our sample. This yields a distance estimate of 37.0±5.0 pc. The Gizis (1997) subdwarf sample does not include any sdM6 stars, but both LHS 377 and LHS 407 (sdM5) have measured parallaxes (Monet et al. (1992) and Ruiz & Anguita (1993) , respectively). Ruiz & Anguita (1993) also present JHK photometry for LHS 407, while Leggett et al. (2000) list such data for LHS 377. Combining those measurements gives M K = 9.74 ± 0.4 for LHS 377 and M K = 9.55 ± 0.8 for LHS 407. We therefore adopt M K = 9.7 for LP 410-38, giving a distance estimate of 18.0 ± 5.0 pc. We note that the Hα emission evident in LP 410-38 is unusual, but not unprecedented, in late-type subdwarfs, and might reflect the presence of a close companion, as with Gl 455 and Gl 781 (Gizis 1997).
Chromospheric Activity
Chromospheric activity, as evidenced by emission at either the Ca II H & K lines or the Balmer series, is common among late-type dwarfs. A significant number of the NLTT dwarfs exhibit Hα emission, as evidenced by Hα indices exceeding 1.0 in Table 5 . We have used the options available in the IRAF routine SPLOT to measure equivalent widths and line fluxes for 43 stars, and the results are listed in Table 6 . Our observations set a typical upper limit of 0.75Å on Hα emission in the remaining stars. This fraction of ∼ 60% is broadly consistent with the expected proportion of dMe dwarfs at spectral types of M5 to M6 (see Figure 6 in Gizis et al. (2000) ).
Equivalent width is still often used to characterize the level of activity but, as pointed out originally by Reid, Hawley, & Mateo (1995b) and later by Basri & Marcy (1995) , this approach fails to take into account the decreased continuum level in later-type stars. A more effective means of gauging the relative activity of dwarfs spanning a wide range of spectral types (temperatures) is to consider the fraction of the total flux emitted as line emission, specifically F α /F bol , where F α is the total flux in the Hα line.
Our spectra give a direct measure of F α . In order to determine F bol , we need to estimate bolometric corrections for the NLTT dwarfs. We can calculate the latter using data from Leggett et al. (2000) observations of 28 nearby M dwarfs with spectral types between M1 and M6.5. Figure 8 plots the J-band bolometric corrections for those stars as a function of both spectral type and TiO 5 index, taking the latter from PMSU1. Both correlations are well described by linear relations BC J = (1.658 ± 0.021) + (0.050 ± 0.005) × sp. type, σ = 0.036, and BC J = (2.065 ± 0.020) − (0.533 ± 0.050) × TiO 5, σ = 0.037.
We have used the latter relation to estimate bolometric corrections for the NLTT dwarfs with spectral types M1 to M6.5; we adopt BC J =1.9 magnitudes for later spectral types (Reid et al. 2001) . Table 6 lists the resulting values of log F α /F bol for dwarfs with measurable Hα emission. Figure 9 compares the distribution of activity amongst the present sample against data for nearby emission-line M dwarfs from Hawley, Gizis, & Reid (1996, hereafter PMSU2) . 2M0203 (LP 352-79) stands out as the most active star in the sample, with log F α /F bol = − 3.21. We also note that Gizis et al. (2000) failed to detect Hα emission in the M9 dwarf, 2M0350+1818, while we measure an Hα equivalent width of 13.3Å. Previous observations have shown that moderate-strength flares tend to occur with a duty cycle of a few percent amongst ultracool (spectral types later than M6.5) dwarfs (Reid et al. 1999; Martín & Ardila 2001) , and this mechanism probably accounts for the relatively high levels of activity in both these dwarfs.
Considering the overall distribution in Figure 9 , the (mainly) M5/M6 dwarfs observed in this paper are clearly less active, on average, than the dMe dwarfs in the PMSU sample. This is not unexpected, since recent studies indicate that the average level of activity is significantly lower amongst chromospherically-active ultracool dwarfs (Gizis et al. 2000; Basri 2001 ). Indeed, our observations bridge the gap between the ultacool datasets and the PMSU stars, which include few dwarfs between spectral types M5 and M7. Our data show that the average level of activity amongst dMe dwarfs falls from log F α /F bol = −3.9 at spectral types earlier than M5 to log F α /F bol ∼ −4.25 for M5.5 dwarfs. Activity declines even further at later types, with log F α /F bol ∼ −5 at spectral type M9 and only 10 to 20% of early-type L dwarfs having detectable Hα emission.
Summary
We have presented spectroscopic observations of 70 late-type dwarfs selected from the NLTT proper motion catalog as probable members of the immediate Solar Neighborhood based on their optical/near-infrared photometric properties. Of these 70 objects, 28 are found to be previously unrecognized stars within 25 pc of the Sun; 13 lie within 20 pc.
In addition to identifying a small sample of new members of the local stellar community, the observations described in this paper lay the foundations for the analysis of future observations. We have identified and calibrated a number of narrowband spectral indices which can be used to determine spectrophotometric parallaxes and spectral types for M dwarfs. Based on those calibrations, we have refined the photometric selection criteria used to identify candidate nearby stars from our cross-referencing of the NLTT catalog against the 2MASS database. Future papers will apply the techniques outlined in this paper to spectroscopic observations of a larger sample of nearby-star candidates.
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